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each station before proceeding to the next one. When students arrived 
at the 3D printed model station, they were asked to complete a pre-and 
post-intervention survey with the aim of assessing their knowledge 
and understanding of cardiac lesions, as well as their opinion towards 
the educational benefit of each modality (presented at each station). 
Results showed that student’s knowledge was significantly improved 
for every cardiac lesion (p<0.001) after the use of 3D printed models. 
There was a strong positive correlation between the mean knowledge 
increase and improved understanding of the complexity of CHD 
(p=0.03). Regarding the preferred teaching tools in CHD, pathology, 
3D printed models and spoken explanation were ranked as the most 
helpful teaching methods with 80.7%, 74.2% and 65% of students 
rating them as the top 3 choices, respectively. Further, students 
strongly agreed that 3D printed models increased their confidence in 
explaining and understanding congenital heart anatomy and disease 
when compared to other modalities (mean score: 4.24 ± 0.69 out of 5).
There are three findings in this study that bear discussion. First, 
this study offers insights into how 3D printed models can be used 
as a valuable alternative approach to current teaching tools for 
medical students, especially in the area of complex cardiac anatomy 
and pathology. Currently, there are 4 RCT studies available in the 
literature with 3 of them focusing on CHD education [13-15], and 
the remaining one on medical student education in normal cardiac 
anatomy [17]. Of these 3 studies, two of them showed that 3D printed 
models improved paediatric resident’s knowledge and understanding 
of CHD [13,14] (Figure 2), while the study by Su W, et al. reported 
the significant improvement in structural conceptualization in the 
student group with 3D printed heart models [15]. Smerling J, et al. in 
their study further validated these findings of the superior advantages 
offered by 3D printed models in medical education when compared 
with other teaching modalities, thus it adds valuable information to 
the existing literature.
Second, although simple and complex CHD cases were presented 
to the participants in previous studies, this study included a range 
of cardiac diseases covering simple and complex CHD pathologies 
as indicated in the methods. The survey findings of these medical 
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Three-Dimensional (3D) printing has been increasingly used 
in medical applications ranging from the original orthopaedic and 
maxillofacial applications to the emerging areas including tumour 
and cardiovascular disease [1-10]. Use of patient-specific 3D printed 
models has been shown to play an important role in cardiovascular 
disease by replicating anatomical structures and pathologies with high 
accuracy [9-11]. This is especially useful in the domain of Congenital 
Heart Disease (CHD) due to complexity of cardiac structures 
and heterogeneity of heart pathologies which are difficult to be 
appreciated on traditional image visualizations on a 2D flat screen 
[10]. 3D printed heart models created from patient’s Computed 
Tomography (CT) or Magnetic Resonance Imaging (MRI) imaging 
data offer realistic physical models with tactile experience, thus 
showing great promise in improving understanding of the complex 
CHD situations (Figure 1).
One of the main applications of 3D printed models in CHD lies 
in medical education as reported by a recent systematic review and 
meta-analysis [12]. While most of the other applications of 3D printed 
models in CHD are dominated by case reports or case series, there are 
three Randomized Controlled Trials (RCT) available in the literature 
reporting the usefulness of 3D printed models in medical education 
of CHD [13-15]. This is enhanced by a recent study showing further 
evidence of 3D printed heart models in medical student education 
through use of a range of CHD lesions [16].
Smerling J, et al. in their study looked at the 3D printed models in 
CHD from different perspectives regarding medical education [16]. 
They selected 6 CHD cases consisting of various cardiac pathologies: 
pulmonic stenosis, Atrial Septal Defect (ASD), Tetralogy of Fallot 
(ToF), aortic coarctation, hypoplastic left heart syndrome and 
d-transposition of the great arteries. 3D physical models of these 
cardiac pathologies were printed for use in the CHD workshop. Forty-
five first year medical students were invited and randomly assigned 
to participate in the CHD workshop consisting of four stations on 
teaching cardiac pathologies: watching an embryology video, 2D 
diagram with spoken explanation, examining pathology specimens 
and 3D printed heart models. Each group was given 15 minutes at 
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Figure 1: 3D printed heart models of normal anatomy and congenital heart disease. (a) Normal heart: The model which was created from 
cardiac CT is partitioned into 3 pieces, including an anterior portion (the right ventricular free wall) that can be removed to visualize the normal 
interventricular septum. The remaining superior and inferior portions can be separated to allow for visualization of the aorta and its position 
relative to the right ventricle. (b) Repaired Tetralogy of Fallot (ToF) heart from an adult: The model, created from cardiac MRI is separated into 
2 pieces. The cut in the main body allows for clear visualization of the pulmonary infundibular stenosis and overriding aorta. (c) Unrepaired ToF 
heart from an infant: The 3D model, created from 3D echocardiogram, was partitioned into 2 pieces; a superior and inferior portion divided along 
the Ventricular Septal Defect (VSD). (d) Unrepaired ToF heart from an infant: Separating superior and inferior portions allows for clear visualization 
of the VSD as well as the aortic override relative to the VSD. Reprinted with permission under the open access from Loke YH, et al [14].
 
Figure 2: Impact of 3D printed heart models on medical education. Both 2D image and physical 3D model groups show improvement in knowledge 
based on multiple choice testing. There was a statistically significant difference in satisfaction ratings when 3D models were used. While residents 
in 3D model groups had higher self-efficacy aggregate scores, this difference was not statistically significant. Reprinted with permission under the 
open access from Loke YH, et al [14].
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students confirmed the significant increase in knowledge for all of the 
6 CHD lesions, highlighting the usefulness of 3D printing in medical 
education. Furthermore, this study assessed both participants’ attitudes 
and self-reflection regarding knowledge increase when 3D printed 
models were used as a teaching tool for various types of CHD lesions, 
with significant correlation noticed between knowledge increase and 
severity of CHD. This represents a unique aspect which has not been 
addressed by previous reports [13-15]. These results support the use 
of 3D printing as an effective tool in teaching CHD, especially in the 
presence of complex situations.
Third, despite promising results arising from this study, it has 
some limitations. In addition to the small sample size as emphasized 
in the discussion, use of 2D diagram at one of the stations is another 
limitation. Given the complexity of cardiac anatomy and heterogeneous 
conditions associated with CHD, 3D image visualizations form part 
of the imaging tools in the diagnostic assessment of cardiovascular 
disease including CHD [18-20]. 3D reconstructions including volume 
rendering and virtual reality or augmented reality are increasingly 
used in clinical practice [21,22], thus, this could be considered in 
future studies in comparison with 3D printed models.
In summary, patient-specific 3D printed models are showing great 
promise in medical applications especially in the field of medical 
student education for congenital heart disease. Current research 
findings provide strong evidence of increasing student’s knowledge and 
enhancing their understanding of complex congenital heart disease 
with aid of 3D printed models. The benefits of 3D printed models for 
medical education could be classified by different types of diseases 
with significant benefits achieved in more complex congenital heart 
diseases. 3D printed realistic models are suggested to be included in 
the medical education program as an accurate and valuable alternative 
to current teaching methods.
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